ABSTRACT This paper presents a study on the development of stainless steel/polyester (SS/PET), stainless steel/rayon (SS/RS), and stainless steel/Kevlar (SS/KS) woven fabrics for shielding the power leakage of microwave oven applications. To facilitate weaving of stainless steel wires and to reduce the material cost initially the core-spun yarns of stainless steel and man-made staple fibers were produced by a DREF III open-end spinning method. The core-spun yarns were woven into a variety of woven structures that woven from a Picanol Rapier loom successfully. Primary objects of this research are to develop new conductive core-spun yarns and fabrics, which could be suitable for shielding home electronic and electrical appliance from electrical and magnetic fields at high frequency. Using a coaxial transmission line holder system set-up, the electromagnetic shielding effectiveness (EMSE) of various woven fabrics was determined in the frequency range from 300 kHz to 3 GHz. The leakage power detector measures the leakage power density (LPD) of the microwave oven. The variations of EMSE and LPD with the yarn constructions, woven structures and the blend ratio of stainless steel to the man-made fiber in the yarns are also described.
1.Introduction
In recent years, the usage of electrical and electronic devices with high frequency is growing rapidly. Many devices such as microwave oven, digital circuitry and cellular telephones are capable of emitting radio-frequency energies. There is a growing need for setting limits on the electromagnetic emissions from these devices in order to minimize the possibilities of interfering with radio and wire communications as well as human health. Many countries are legislating new regulations so that the manufacturers of electrical and electronic equipment should comply with the electromagnetic compatible (EMC) regulations [1] . In USA the Federal Communications Commission (FCC) is entrusted with the responsibility of controlling the interference from and to wire and radio communications. The FCC Rules and Regulations contained in Title 47 of the Code of Federal Regulations have several parts that apply to non-licensed electronic equipment also. Compliance is verified either by measuring the radiated electric field of the product in a semi-anechoic chamber or in an open-field test-site. The purpose of Part 15 of Title 47 is to control the interference from these emitters. Traditionally sheet metals are used for shielding microwave with 2450 MHz. In recent years, conductive fabrics are considered for electromagnetic shielding in various applications of defense, electrical, and electronic industries. This is mainly due to their desirable characteristics in terms of flexibility, electrostatic discharge, electromagnetic interference (EMI), radio frequency interference (RFI), thermal expansion, and weight.
Many synthetic fibers that are used in the textile fabrics are insulating materials with resistivity of the order of 1015Q/cm2. This is much higher than the desired resistivity for electromagnetic shielding applications. For example, the surface resisitivity of an anti-electrostatic material is desired in the range 109Q/cm2 and 10130/cm2. The desired value for statically dissipate material is between 102Q/cm2 and 106Q/cm2, and for shielding material is lower than 102 Q/cm2 [2] . There are several methods to improve the fabric conductivity, such as lamination of conductive layers on to the surface of the fabric [3, 4, 5] , addition the conductive fillers [2, 6, 7, 8] , incorporation of conductive fibers or yarn into the fabric [9, 10] .
The primary objective of this research work is to develop a low cost shielding cloth with desired EMSE, lower leakage power density, drapeability, and processability characteristics. Such fabrics are desirable for shielding home electronic and electrical appliances from radio-frequency energy. For the purpose of this study, the stainless steel staple fiber (SS), stainless steel wire (SW) and flame resistance rayon (RS) or Kevlar (KS) staple fiber will twisted together as the core-spun yams were chosen for making the woven fabric.
The SS and SW were incorporated as conductive fillers to balance the fabric with the desired EMSE and LPD properties. The stainless steel was selected mainly because of its high absorption and low reflection of electromagnetic energy. It has been reported that stainless steel displays high absorption loss and low reflection loss. More over stainless steel is cheaper than the other EMS materials, and hence for this study stainless steel wire and staple fiber were chosen as the conductive filler material.
Experimental Details
The materials used in this study may be classified as follows:
OFCY yams: 49.2 tex OFCY yams produced by Taiwan Nan-Lian Co. who cooperated by the National Taipei University of Technology (NTUT), Department of Textile Engineering. 0.05 mm SS wires supplied by Taiwan Yuang Nan Co. Ltd. SS fibers with 81..1 supplied by King's Metal Co., Ltd. The stainless steel staple fiber contains 0.08% Carbon, 18%-20% Chromium, 8%-10.5% Nickel, 2% Manganese, 1.0% silicon, and remaining iron. OFCY yarn consists of three different sheath components: RS, PET or KS, and SS, SW core components, which produced by DREF III open-end friction spinning method (See Figure 1) . The summary properties of the fibers used in this study are shown in Table 1 . The photography of OFCY yarn structure is shown in Figure 2 . Yam nomenclature R was made such that contain approximately 13.7%, 31.6%, and 54.7% by blending ratio of SS, SW and RS, respectively. Yarn nomenclature L were made such that contain approximately 13.7%, 31.6%, and 54.7% by blending ratio of SS, SW and KS fiber, respectively. Yam nomenclature yarn T was made by ring spinning frame such that contain approximately 20.0%, and 80.0% by blending ratio of SS and PET fiber respectively. More information on these yams is described in Table 2 .
Since the stainless steel staple yarn is expensive (approximately US$160 per kg) and stainless steel sliver costs approximately US$120 per kg, which drafted then twisted with RS or KS fibers and SW (approximately US$35 per kg with 0.05mm diameter) reduced cost considerably. The SS/SW/RS and SS/SW/KS OFCY yarn (ratio of 13.7%:31.6%:54.7%) only costs approximately US$32 per kg. Therefore, the OFCY yams are used in this paper to make the conductive fabrics.
Woven OFCY yarn fabrics: A range of 2/2 twill and 1/1 plain woven fabrics produced in the National Taipei University of Technology, Department of Textile Engineering from the OFCY yams described in (a) above. More information on these fabrics is described in Table 3 .
The woven fabrics used in this study were produced on Picanol PGW flexible rapier loom successfully. A 250-rpm loom speed can be easily achieved.
The woven fabrics with 2/2 twill structures were made using the different constitutions of the OFCY yams (see Table 2 ). The number of warp and weft yarns are almost equal, the fabric is said to be balanced, such as the fabric GR with a fabric density of 40 ends/inch*39 picks/inch is considered well balanced. Good balance of warp and weft density produces a fabric with good wearing qualities, mechanical properties, durable, drapability and resilience. Furthermore, the stainless steel staple fibers form conductive network on the fabric surface easily.
Therefore, 2/2 twill weaves conductive fabrics were used in this study. Loom with eight harnesses is available in this paper. With multiple weft change device on picking sides any number of picks from any yarn materials can be used. Fabric nomenclatures AR, BR, CR, and DR with a 1:1, 1:2, 1:3, and 1:4 order of the conductive yarn, respectively, that is, with 1, 2, 3, and 4 threads of each conductive yarn alternating in the weft direction (See Figure 3a to 3d) . The fabric nomenclatures AR, BR, CR, and DR have the same fabric densities. In the next weaving cycle the harnesses change position produce the twill construction, and this sequence is repeated.
In fabric weaving which made from OFCY yams, the warp and weft tensions have to be controlled carefully.
It has been observed that making woven fabrics from the OFCY yam is much easier than from the stainless steel fibers alone. Fabric Nomenclatures ER, FR, GR, and HR with the warp densities of 39-4lends/inch and weft densities of 34-46 picks/inch, which interlacing of the yam nomenclature R warp and R weft yarns with 2/2 twill structure. All of the weft yams on fabric nomenclatures ER, FR, GR, and HR are the R weft yarn. Fabric nomenclature IK with a fabric density of 40 ends/inch*39picks/inch which interlacing of the yarn nomenclature R warp and L weft yams with 2/2 twill structure.
Fabric nomenclature KR with a fabric density of 106ends/inch*42picks/inch which interlacing of the yarn nomenclature T warp and weft yarns with 1/1 plain structure.
More detailed fabric information is described in Table 3 . and 4 threads of each conductive yarn alternating in the well direction.
Other fabrics use the same conductive yarns in well direction ( 1 :0). 
